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ABSTRACT OF THE DISCLOSURE

A temperature-regulating device for maintaining a ther-
mally sensitive component at a constant temperature dur-
ing changes in the ambient temperature, which regulating
device uses a power transistor to add heat to the system,
with the conduction of the transistor being controlled in
response to changes in the temperature of the thermally
sensitive component so stabilized. The thermally sensitive
component is mounted in a heat-transfer relationship with
the power transistor.

Background of the invention

Many components require a constant temperature en-
vironment for efficient operation and to supply repeatable
reference indications. For example, the reference junction
of a thermocouple must be maintained at a constant tem-
perature if accurate temperature measurements are to be
made with the thermocouple. In the past, various tem-
perature regulating devices have been used to maintain
thermocouple junctions or like components at a fixed tem-
perature.

Electrolytic potentiometers are another example of com-
ponents sensitive to changes in their environmental tem-
perature. When accurate reference measurements or ad-
justments are to be made through the utilization of an
electrolytic potentiometer, it is necessary to maintain its
environmental temperature at a fixed or constant level.
This is necessary since the response of the electrolytic
potentiometer depends upon the temperature of the elec-
trolyte in the device and any change in the temperature of
the electrolytic potentiometer causes the viscosity and
surface tension of the electrolyte to change. The response
of the electrolytic potentiometer is directly related to the
viscosity and surface tension of the electrolytic fluid and
therefore variations in temperature are to be avoided.

Temperature-regulating devices for thermally sensitive
componenis are known and are often found in various
instruments and apparatuses. Prior art temperature-regu-
lating devices take various forms from the simplest de-
vice, such as a fan whose speed is controlled, to more
sophisticated devices. One such later device consists of a
Peltier junction with the current flow through the junction
being controlled in response to the temperature of the
junction. While a temperature-regulating device of the
Peltier junction type is satisfactory, it has a limited ca-
pacity. Further it requires a considerable amount of aux-
iliary equipment to control the current flow through the
junction.

In addition to the above requirements, any tempera-
ture-regulating device should, if possible, be of relatively
simple construction and ruggedly constructed. These re-
quirements can be most easily achieved through the use
of relatively simple components disposed in an apparatus
which requires no critical adjustments. When these objec-
tives are met it results in an apparatus that is relatively
trouble-free and economical to construct.

Summary of the invention

A general and improved temperature-regulating device
can be provided by utilizing the heat dissipated by a pow-
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er transistor to heat a thermally sensitive component to
be stabilized and lower ambient temperature to cool it.
By controlling the conduction of the power transistor in
response to the measured temperature of the thermally
sensitive component, the component can be maintained
at a constant temperature so its reference indication will
not drift. It is, of course, necessary to operate the ap-
paratus at, or slightly above, the ambient temperature to
utilize the ambient atmosphere as a cooling environment.
The system’s temperature can be sensed by various means,
as for example a semiconductor thermistor. Normally the
thermistor is mounted in heat-transfer relationship with
the power transistor and is used to control the conduction
of the power transistor through appropriate circuits. Thus,
the temperature of the power transistor and adjacent com-
ponents can be maintained at a constant temperature by
adding sufficient heat to the system through the power
transistor to keep the temperature above ambient. The
thermally sensitive component is mounted in the system in
heat-transfer relationship with the power transistor and
in effect serves as a heat sink for the power transistor.

Thus, the invention provides a simple device which is
rugged and free of critical or special adjustments. The use
of semiconductor or solid-state devices provides a reliable
trouble-free apparatus. Further, the entire device may be
easily encapsulated in a potting compound to protect it
from physical damage.

Brief description of the drawings

FIG. 1 is a front elevation of a temperature-regulating
device constructed in accordance with this invention with
the thermally sensitive component removed;

FIG. 2 is a side view of the device shown in FIG. 1
with the thermally sensitive component mounted thereon;
and ’

FIG. 3 is a schematic drawing of the circuit shown in
FIGS. 1 and 2.

Description of an embodiment

Referring to FIGS. 1 and 2 there is shown a tempera-
ture-controlling unit constructed in accordance with this
invention. The device incorporates a mounting board,
preferably a printed circuit board 10 on which the com-
ponents of the system are mounted. A power transistor 11
is mounted on the board by any desired means, such as
small bolts. The term “power transistor” as used in this
specification refers to a transistor that will dissipate at
least one-half watt of electrical power. Of course, the
actual size of the power transistor will depend upon the
physical characteristics of the thermally sensitive com-
ponent whose temperature is to be regulated or controlled.
Thus, in some cases where a relatively small electronic
component is controlled, as for example the reference
junction of a thermocouple, a smaller power transistor may
be used. Similarly, if a relatively large component is con-
trolled, as for example, an electrolytic potentiometer, a
larger power transistor is necessary.

In selecting the size of a transistor the desired warm-up
time and the speed of response must be considered. Ob-
viously, the larger the power transistor, the shorter will
be the warm-up time and the faster will be the response
of the system to changes in the controlled temperature.

The temperature of the power transistor 11 is sensed
by means of a semiconductor thermistor 12 which is
mounted in a heat transfer relationship with the power
transistor. While the thermistor is shown as being in
physical contact with the power transistor it is only re-
quired that it be mounted in a good heat-conducting rela-
tionship to the power transistor. This can be achieved by
heat sink compounds or encapsulating the entire circuit, in-

cluding the power transistor and the thermistor in a suit-
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able heat-conducting material, as for example, clear elec-
trical potting material.

Also shown mounted on the printed circuit board is a
control transistor 13 that serves to control the conduction
of the power transistor, as explained below., The control
transistor can be a conventional control transistor and is
isolated from the thermally stabilized system so any heat
dissipated by it will not affect the system. Also shown in
FIG. 2 in a dashed outline is an electrolytic potentiometer
14 to illustrate the physical mounting relationships. The
potentiometer is held in position by means of spring clips
15 and 16 (illustrated with broken lines) at opposite ends.
The spring clips 15 and 16 are attached to the printed cir-
cuit board 10 by any suitable means so the electrolytic po-
tentiometer will be disposed in a heat-conducting rela-
tionship with the power transistor. The encapsulating of
the entire circuit insures that various elements are in a
good heat-conducting relationship, and in addition, pro-
tects the various components from mechanical or physical
damage.

Referring now to FIG. 3 there is shown a schematic dia-
gram of the actual circuit 19 used in this invention. This
circuit utilizes a conventional battery 20 for powering the
various components, eliminating the need for multiple
voltage sources. Since considerable power can be dissi-
pated through the power transistor 11 the battery must
have sufficient capacity to power the circuit or be asso-
ciated with charging circuits. The positive side of the bat-
tery is connected to a positive power bus 27 of the circuit,
while the negative side or grounded side is connected to a
negative bus 28. A resistance 22 is coupled between the
positive and negative power buses via a parallel network
including a voltage-dividing circuit, consisting of the
thermistor 12 and a resistance 24, and 2 Zener diode 23.
Voltage drop across the voltage-dividing circuit is con-
trolled by a Zener diode 23 disposed in parallel with the
voltage-dividing circuit. Thus, as the temperature of the
system changes the resistance of the thermistor will vary
and in turn the voltage at the junction 29 will vary. The
current through the Zener diode 23 and the voltage-divid-
ing circuit is controlled by the resistance 22.

The base of the control transistor 13 is coupled to the
junction 29 through a Zener diode 25 to control the con-
duction of the transistor 13. When the voltage at the
junction 29 exceeds the breakdown voltage of the Zener
diode 25, it will conduct and cause the control transistor
to conduct. A resistance 26 is coupled between the base of
the control transistor and ground to maintain a current
flow through the Zener diode 25 and this resistor should be
sized to cause sufficient current flow through the Zener
diode to insure that it operates above its voltage knee, to
stabilize the operation of the circuit. The collector of the
control transistor is coupled to the positive power bus 27
through a resistance 30 and limits the current flow through
both the power and control transistors. The base of the
power transistor is coupled to the collector of the control
transistor, while the collector of the power transistor is
coupled to the positive power bus. The emitter of the
power transistor is coupled to the ground bus 28 through
a resistance 36. In addition, two diodes 33 and 34 are
serially coupled between the base of the power transistor
and the ground bus, which in combination with the re-
sistance 36, limit the current flow through the power tran-
sistor and provide a protective circuit for the power tran-
sistor. A. capacitor 31 is disposed between the base and
collector of the power transistor to provide a filtering ac-
tion and remove unwanted noise from the system.

Operation of the invention

The operation of the circuit shown in FIG. 3 will be
described by assuming that the temperature sensed by
the thermistor 12 has increased which will cause the re-
sistance of the thermistor 12 to decrease. Since the therm-
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istor 12 and the resistance 24 form a voltage-dividing
circuit any decrease in the resistance of the thermister 12
will cause the voltage at the junction 29 to increase. When
the voltage at the junction reaches the breakdown voltage
of the Zener diode 25, the Zener diode 25 will conduct and
cause the control transistor 13 to conduct. When the con-
trol transistor conducts, the current flow through the con-
trol transistor will reduce the current flow through the
power transistor 11. Since the resistance 36 limits the to-
tal current flow through the power transistor and control
transistor, it will lower the current flow below the cutoff
point of the power transistor 11. Thus, the power tran-
sistor will cease to conduct which will stop its dissipation
of heat. This will permit the lower ambient atmosphere
to cool the complete system, including the electrolytic
potentiometer 14.

As the ambient atmosphere cools the system the tem-
perature of the thermistor 12 is lowered, increasing its
resistance, which decreases the voltage at the junction 29.
When the voltage at the junction falls below the break-
down voltage of the Zener diode 25, the Zener diode will
cease to conduct and the control transistor will be cut off.
When the control transistor cuts off, the current flow
through the power transistor will again exceed the level at
which the power transistor 11 will conduct. When this
occurs, the power transistor will conduct and dissipate
heat through its collector and -this dissipation of the heat
on the power transistor will heat the entire device, includ-
ing things in heat transfer relationship with it, such as
the electrolytic potentiometer illustrated.

The circuit will continue to cycle in a narrow tempera-
ture range and will maintain the temperature of the elec-
trolytic potentiometer or other thermal-sensitive com-
ponent within a range of +0.5° F. While the circuit de-
scribed above is designed for a constant operating tem-
perature, the operating temperature can be varied by
substituting a variable resistance for the resistance 24.
This will permit the change of an operating temperature.

What is claimed is:

1. A temperature regulating device for maintaining
small control elements which are sensitive to temperature
change at a constant temperature above ambient tempera-
ture, said device comprising:

a power transistor mounted in a physical heat conduct-

ing relationship with said control element;

a semiconductor thermistor, said thermistor being
mounted in a physical heat transfer relationship with
the resulting combined control element and power
transistor;

a voltage dividing circuit, said voltage dividing circuit
being formed by said thermister and a fixed resist-
ance; and .

a control transistor, the base of said control transistor
being coupled to said voltage dividing circuit, the
collector of said control transistor being coupled to
the base of said power transistor to control the con-
duction therethrough, whereby the control element
is maintained at a preselected temperature above
ambient.

2. The temperature regulating device as defined in claim

1‘ wherein the contro] element is an electrolytic poten-
tiometer.
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